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The middle and small surface proteins of hepatitis B virus are translated from 5*-heterogeneous transcripts specified by
the S promoter. We have generated a series of linker-substitution mutants that encompass the 130 base pairs comprising
this promoter and measured the amount of transcripts and protein products synthesized from each mutant. The results
confirm our previous finding that a CCAAT element is an important up-stream activating element for this promoter, as
mutation of this element leads to a 20-fold decrease in promoter activity. In vitro binding assays showed that the cellular
transcription factor NF-Y (CCAAT-binding factor) binds to this element, and expression of a dominant-negative NF-Y subunit
in transfected cells specifically reduced surface protein expression from the S promoter via the CCAAT element. In addition,
two Sp1 sites also contribute to S promoter activity by a total of approximately 6-fold. Therefore, the S promoter is activated
by both NF-Y and Sp1, but more strongly by the former factor. q 1996 Academic Press, Inc.
Hepatitis B virus (HBV) infection can give rise to of which has been demonstrated by other studies (De-
Medina et al., 1988; Raney et al., 1991, 1992). Therefore,chronic hepatitis, cirrhosis, and hepatocellular carci-
noma and is estimated to cause 2 million deaths world- we have gone on to study the S promoter in greater
detail, by constructing a series of linker-substitution mu-wide every year (reviewed by Hollinger, 1990). Its ge-
nome in the infected cell is a circular double-stranded tants that cover 130 bp down-stream of the HincII site,
including the CCAAT element and the sites of transcrip-DNA episome 3.2 kb in length that depends on host
factors for transcription from its four promoters (reviewed tional initiation. Quantitation of RNA and protein synthe-
sis directed by these mutants confirms the importanceby Ganem, 1996; Yen, 1993). As part of our continuing
efforts to understand the cis- and trans-acting factors of the CCAAT element for the activity of this promoter.
We also demonstrate that NF-Y (CCAAT-binding factor)that regulate HBV gene expression, we have been map-
ping the viral surface gene (S) promoter. This promoter is the major host factor that binds to and activates tran-
scription via this element. In addition, studies with addi-gives rise to 5*-heterogenous transcripts that straddle an
ATG codon in the S open-reading frame (ORF). Thus, the tional mutants reveal that two Sp1 sites identified by
Raney et al. (1992) also contribute to S promoter activity,largest transcript is translated into the so-called middle
surface protein, while the other transcripts are translated by further boosting transcription approximately sixfold in
the presence of the CCAAT element. Thus, these twointo the small (major) surface protein, which initiates at
the next ATG codon in the ORF (Fig. 1). Both of these cellular transcription proteins are both necessary for full
S promoter function.surface proteins, together with the large surface protein
specified by a separate, up-stream promoter, are incor-
porated into progeny virion particles, as the protein com- MATERIALS AND METHODS
ponents of the viral envelope (Ganem, 1991).
Plasmid constructions
Previously, we showed that a host factor binds to a
CCAAT element in the S promoter and that this element The plasmid pHBV1.2, also called adwR9, was ob-
tained from T. J. Liang, Harvard Medical School, and con-is important for high level expression of this promoter
(Zhou and Yen, 1991). However, we did not characterize tains slightly more than one complete copy (with terminal
redundancy of nucleotides 1420–2187) of the HBV ge-the cellular factor that binds to this element, nor did our
work rule out a role for other elements, the existence nome, strain adw2, that is competent for replication (Blum
et al., 1992). The plasmid pSAgDHin contains the HincII –
BglII fragment (Fig. 1) of HBV DNA strain adw2 (Valen-1 Current address: Department of Pathology, Cheng Kung School of
zuela et al., 1980) in the vector pTZ19U, as describedMedicine, Kaohsiung, Taiwan, ROC.
previously (Zhou and Yen, 1990). A two-part polymerase2 To whom correspondence and reprint requests should be ad-
dressed. Fax: (415) 750-6947. E-mail: yen.t@sanfrancisco.va.gov. chain reaction (PCR) procedure was used to substitute
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successive 10-bp regions of the S promoter in this plas- by restriction enzyme digestion patterns and partial se-
quencing.mid with a linker containing a BstEII site (GGTGACCTAA),
to create the LS series of mutants (Fig. 1). The first set
of primers had the sequences 5*TTGGTTGAGTACTCA- Cell culture and transfection
CCAGTC and 5*TTAGGTCACC(X)16 , where X represents
nucleotides homologous to the antisense strand of the HuH-7 cells, which are well-differentiated human hep-
atoma cells free of endogenous HBV DNA, were culturedS promoter immediately up-stream of the substituted re-
gion. The amplified product from this reaction was di- at 377 in Dulbecco’s modified Eagle’s medium with 10%
fetal bovine serum, under an atmosphere of 93% air andgested with ScaI and BstEII restriction endonucleases.
The second set of primers has the sequences 5*GCC- 7% CO2 . Cells were transfected in 60- or 100-mm plates
with the calcium phosphate coprecipitation method (Gor-TAGCAGCCATGGAAATG and 5*CGCGGTGACCTAA(Y)16 ,
where Y represents nucleotides homologous to the man, 1985). On the second day after the start of transfec-
tion, the cells were harvested for analysis of RNA and/sense strand of the S promoter immediately down-stream
of the substituted region. The amplified product from this or protein expression.
reaction was digested with NcoI and BstEII restriction
endonucleases. The two digested PCR products were RNA and protein analysis
then ligated together with the small ScaI–NcoI fragment
of pSAgDHin. Each resulting mutant plasmid was di- Total RNA was extracted from cultured cells with RNA-
zolB (Biotecx), and subjected to primer extension withgested with several restriction endonucleases, to confirm
the presence of the introduced BstEII site and the gross 32P-end-labeled oligonucleotide probes, as described
previously (Huang and Yen, 1993; Zheng and Yen, 1994;integrity of the plasmid. In addition, the S promoter region
of each plasmid was sequenced, to verify that the desired Zhou and Yen, 1990). The primer for S gene transcripts
has the sequence 5*AGAGGCAATATTCGGAGCAGG-mutations were present and that no other mutations had
been generated. For each experiment, at least two differ- GTTTAC, and the primer for human growth hormone
gene transcripts has the sequence 5*GCCACTGCAGCT-ent clones of each mutant were used to insure that any
differences with the wild-type plasmid was not due to AGGTGAGCGTCC. The amount of HBV surface protein
(HBsAg) in spent media was quantitated by a commercialcryptic mutations introduced elsewhere into the plasmid
during the mutagenesis procedure. A similar strategy radioimmunoassay kit (Abbott); when necessary, the
samples were diluted with medium to insure that assayswas used to generate substitution mutants that knocked
out each of the Sp1-binding sites identified by Raney et were performed in the linear range. To control for varia-
tions in transfection efficiency, in most experiments theal. (1992) (see Fig. 1 for sequences). The plasmid with
mutations in the up-stream Sp1 site is called LSp1-1 cells were cotransfected with pTKGH, which contains the
herpes simplex thymidine kinase promoter driving the(originally called L73-3), while the plasmid with mutations
in the down-stream Sp1 site is called LSp1-2 (originally human growth hormone gene (Selden et al., 1986), and
secreted growth hormone was quantitated by a commer-called L77-1). An additional mutant with both Sp1 sites
mutated is called LSp1-12 (originally called L75A-3). cial radioimmunoassay kit (Nichols). The amount of se-
creted surface protein was then normalized to theThe plasmid pCCAAT-S (originally called p33-7) con-
tains a lone CCAAT element in place of the S promoter amount of growth hormone, although variations in the
transfection efficiency was usually minor.driving the surface gene and was constructed as follows.
The S promoter was excised from pSAg (Zhou and Yen,
1991) with HindIII and PstI restriction endonucleases, Electrophoretic mobility shift assays
and a 64-bp fragment of ‘‘nonspecific’’ sequence was
inserted between the HindIII and PstI sites. This fragment Nuclear extracts from HuH-7 cells were prepared ac-
cording to the procedure of Dignam et al. (1983). Forwas synthesized as two pairs of partially overlapping
double-stranded oligonucleotides with HindIII and PstI detection of protein–DNA binding with the electropho-
retic mobility shift assay (EMSA) (Fried and Crothers,compatible ends, and correspond in sequence to nucleo-
tides 4201–4254 (antisense) of the chloramphenicol ace- 1981), 7 ml of nuclear extracts were preincubated with 1
ml of 1 mg/ml poly[dI-dC] (Boehringer Mannheim) and 1tyltransferase gene in the plasmid pSV2CAT (Gorman,
1985). Subsequently, a double-stranded oligonucleotide ml of 1 mg/ml sonicated salmon sperm DNA (Sigma) and
then incubated with approximately 50 femtomolswith the sequence
(30,000–40,000 cpm) of a double-stranded oligonucleo-
tide, labeled at the 5* ends by polynucleotide kinase
5*AGCTCCACCAATCGGCA3*
w w w w w w w w w w w w w
3* GGTGGTTAGCCGTTCGA5*
and [g-32P]ATP (Sambrook et al., 1989). After 30 min of
incubation at room temperature, the mixture was electro-
phoresed on a 5% polyacrylamide gel in 0.51 Tris–bo-was inserted into the HindIII site, up-stream of the ‘‘non-
specific’’ sequence. The final plasmid was again checked rate–EDTA buffer at 150 V for 1 hr.
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FIG. 1. Top, HBV DNA fragment present in pSAgDHin. The middle surface protein is translated from the ORF that includes both the preS2 and
surface regions, while the small surface protein is translated from the ORF that includes only the surface region. H, HincII site; B, BamHI site; An ,
polyadenylation signal. Bottom, HBV sequence, subtype adw2, in the region of the S promoter, between the HincII and BamHI sites. Each of the
LS mutants contains the sequence 5*GGTGACCTAA replacing the sequence between the bars. The five major start sites are marked by asterisks.
The CCAAT element is shown in bold type. The two Sp1 sites are underlined (Raney et al., 1991, 1992), and the sequences inserted in their place
in the Sp1 mutant plasmids (LSp1-1 and LSp1-2) are shown above the main sequence. The nucleotides shown in italic type are different in the
ayw subtype used by Raney et al. (1991, 1992).
RESULTS
S gene expression from LS mutants
To localize all of the important cis-acting elements
within the S promoter, we constructed the LS series of
mutants, each of which contains a 10-bp linker sequence
(GGTGACCTAA) replacing a 10-bp region of the 130-bp
S promoter, in the context of the plasmid pSAgDHin,
which contains the S promoter driving the entire S gene
in its native configuration (Fig. 1). HuH-7 cells were trans-
fected with each of these plasmids, and the S promoter
activity was assessed by the amount of surface proteins
secreted into the medium, as quantitated by radioimmu-
noassay. This analysis revealed that LS3 gave rise to
5% of the wild-type level of secreted HBsAg, while all
other mutants gave rise to 50% of the wild-type level
(Fig. 2A). Similar results were obtained when S transcript
levels were directly quantitated by primer extension and
phosphor-imaging (Fig. 2B). Therefore, the major activat-
ing element appeared to be contained within region 3.
Region 3 contains the sequence CCAAT (Fig. 1), which
has been shown by us previously to act as a positive
element and bind a cellular factor. Mutations in several
other regions had smaller positive or negative effects
(Fig. 2), but because of the relative weakness of these
effects, we have not studied them in more detail. In addi-
tion, some of the mutations downstream of region 6 af-
FIG. 2. (A) The amount of surface protein secreted by cells trans-fected start site selection (data not shown), in agreement
fected with each of the LS mutants, compared with the parent pSAgD-
with previous data that sequences in this region have Hin (normalized to 100), as quantitated by radioimmunoassay. The re-
initiator-like functions (Zhou and Yen, 1991). sults shown are the mean { standard deviation of 3 independent
transfections, after normalization to growth hormone synthesized byPrevious data from Raney et al. (1992) had demon-
the cotransfected plasmid pTKGH. (B) The amount of S transcriptsstrated the presence of two Sp1-binding sites within our
synthesized in cells transfected with each of the LS mutants, compared130-bp S promoter region (underlined sequences in Fig.
with the parent pSAgDHin (normalized to 100). The S transcripts were
1) that were able to activate this promoter. Our studies detected by primer extension (Zhou and Yen, 1991) and then quanti-
seemed to indicate a modest effect of these sites on S tated with a Molecular Dynamics Phosphorimager (courtesy of Howard
Hughes Medical Institute, UCSF).promoter activity (LS2 and LS7 in Fig. 2). However, be-
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the factor(s). At least five different classes of cellular
transcription factors bind to CCAAT or related DNA se-
quences. Their names and consensus binding sites are
shown in Table 1. To determine which, if any, of these
factors may be binding to the S promoter CCAAT ele-
ment, we performed competition EMSA, using the HBV
CCAAT element as the labeled probe, and the various
consensus binding sites as cold competitors. As seen
in Fig. 4, a single shifted band was produced upon incu-
bation of the CCAAT element with HuH-7 nuclear ex-
tracts, as expected from previous studies (Zhou and Yen,
1991). The c/EBP-binding site did not compete with theFIG. 3. The amount of surface protein secreted by cells transfected
CCAAT element (lanes 13 and 14), while the CTF-bindingwith each of the Sp1 mutants, compared with the parent pSAgDHin
site competed only weakly (lanes 11 and 12). In contrast,(normalized to 100), after normalization to growth hormone synthesis.
The results shown are the mean{ standard deviation of 3 independent the binding sites for NF-Y, YB-1, and CBF (Fig. 4, lanes
transfections, after normalization to growth hormone synthesized by 5 and 6, 7 and 8, and 9 and 10, respectively) all competed
the cotransfected plasmid pTKGH. as well as the CCAAT element itself (Fig. 4, lanes 3
and 4). Therefore, the cellular factor that binds to the S
promoter CCAAT element is presumably NF-Y, YB-1, orcause these Sp1-binding sites straddle the LS1/2 and
CBF. To distinguish among these factors, we employedLS6/7 boundaries (Fig. 1), it was possible that no single
rabbit antibodies that could specifically recognize the Alinker substitution mutation was able to prevent com-
subunit of NF-Y (courtesy of B. de Crombrugghe, M. D.pletely the binding of Sp1 to these sites. To examine
Anderson Cancer Center) in the gel shift analysis. Asspecifically the role of these Sp1 sites, we generated two
seen in Fig. 5, lane 3, inclusion of these antibodies lednew mutants, each of which mutated one of the Sp1 sites
to the complete disappearance of the shifted band (SB)(Fig. 1). As seen in Fig. 3, mutation of the up-stream Sp1
and the appearance of a new band with slower migrationsite (LSp1-1) had a small negative effect on S promoter
rate (SS), consistent with a ternary complex of the oligo-activity, as measured by surface protein secretion, while
nucleotide, NF-Y, and immunoglobulins (so-called ‘‘su-mutation of the down-stream Sp1 site (LSp1-2) led to
pershift’’). This new band is weaker, presumably re-a drop of approximately fourfold. A double mutant that
flecting the ability of some of the antibodies to competeknocked out both sites (LSp1-12) retained approximately
for DNA binding by NF-Y. In contrast, an antibody against17% of the activity (Fig. 3). Therefore, these Sp1 sites,
YB-1 (Wright et al., 1994; courtesy of J. Ting, Universityespecially the down-stream one, do contribute to S pro-
of North Carolina) did not produce this change (Fig. 5,moter activity, by a total of approximately sixfold. To rule
lane 4), nor did an irrelevant antibody (data not shown).out the presence of yet other elements that may have
Therefore, the shifted band must have resulted from NF-been missed by our linker substitution mutants, we re-
Y binding to the CCAAT element. Since no other shiftedmoved the entire S promoter from the plasmid pSAgDHin
bands were present, it is unlikely that other cellular fac-and inserted in its place the CCAAT element up-stream
tors bound this element. Based on the above data, weof 64 bp of irrelevant sequence, to preserve the approxi-
conclude that NF-Y is the only HuH-7 cellular factor thatmate distance between the CCAAT element and the S
binds to the S promoter CCAAT element in vitro.ORF; in other words, we deleted all S promoter se-
quences both 5* and 3* of the CCAAT element. When this
Activation of the S promoter by NF-Yplasmid (pCCAAT-S) was transfected into HuH-7 cells, it
gave rise to 12 { 3% of the amount of secreted surface
While we have demonstrated that NF-Y is the majorprotein as the parent pSAgDHin, as determined by radio-
factor present in HuH-7 cells that binds to the CCAATimmunoassay of media from three independent transfec-
element in vitro, such binding does not necessarily re-tions. This figure is similar to the 17% residual activity of
flect activation in vivo. Unfortunately, NF-Y is expressedthe S promoter with the double Sp1 mutation (Fig. 3).
at high levels in all eucaryotic cells examined. Thus, weTherefore, it is unlikely that there are other elements that
could not look for activation of the S promoter by cotrans-contribute significantly to S promoter activity.
fected NF-Y. As an alternative, we used the plasmid
D4YA13m29 (courtesy of R. Mantovani, Universita degliBinding of CCAAT element by NF-Y
Studi di Milano), which expresses a dominant negative
mutant of the A sub-unit of NF-Y and specifically re-We had previously shown by foot-print and electropho-
retic mobility shift analyses (EMSA) that cellular factor(s) presses transcription from promoters containing NF-Y
binding sites (Jackson et al., 1995; Mantovani et al., 1994).present in HuH-7 cells bind to the S promoter CCAAT
element (Zhou and Yen, 1991), but we did not identify Indeed, cotransfection of this plasmid caused an almost
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TABLE 1
Oligonucleotides Used for EMSA
Namea Sequenceb Referencesc
HBV CCAAT Element CTCCACCAATCGGCAGTCAG Zhou and Yen (1991)
CBF CTGAGCCAATCAGCAGTCAG Lum et al. (1990)
c/EBP ATTGCGCAATCTGCAGTGCA Cao et al. (1991)
CTF (NF-1) CTCCGAAATTTGGCATCATG Santoro et al. (1988)
NF-Y (CBF)a CTTAACCAATCAGCAGTCAG Vuorio et al. (1990)
YB-1 (EFIA , dbp) CTTGGCCAATCAGCAGTCAG Ozer et al. (1990)
a The names used in this paper are given first, and other names commonly used in the literature are given in parentheses. It should be noted
that while NF-Y is also called CBF, it bears no relationship at all to the other factors named CBF.
b The double-stranded oligonucleotides used consist of two direct repeats of the sequences shown and flanked by EcoRI sites. The sequence
differences between the concensus factor-binding sites and the HBV CCAAT element are in italics.
c The references cited refer only to papers describing the cDNA clones used in this paper, in cases where multiple groups independently cloned
the cDNA.
10-fold reduction of surface protein synthesis from the Since the plasmid pSAgDHin used in the above studies
contains a subgenomic fragment of HBV DNA, it was pos-wild-type pSAgDHin (Fig. 6A). The level of repression is
similar to that seen with other promoters with NF-Y sites sible that cis-elements not present in this fragment may
modulate the effect of NF-Y on the S promoter CCAAT(Jackson et al., 1995). In contrast, this dominant negative
mutant induced no significant decrease in surface pro- element. To rule out this possibility, we also examined the
effect of the dominant negative NF-YA protein on surfacetein expression from a plasmid containing a linker-substi-
tution mutation of the CCAAT element (Fig. 6A). These gene expression from pHBV1.2, a plasmid containing a
results confirmed that NF-Y is the major factor that trans-
activates the S promoter via the CCAAT element. In addi-
tion, we found that cotransfection of CTF, c/EBP, CBF, or
YB-1 expression plasmids had no measurable effect on
S promoter activity (data not shown). Thus, none of these
other factors can activate the S promoter, in agreement
with the lack of binding seen in vitro.
FIG. 5. Effect of antisera against NF-Y and YB-1 on the binding of
host cell factors to the HBV CCAAT element. In the indicated lanes, 1FIG. 4. Binding of host cell factors to the HBV CCAAT element, and
competition by the concensus sites of various mammalian transcription ml of rabbit antiserum against the A subunit of NF-Y (courtesy of B. de
Crombrugghe) or against YB-1 (courtesy of J. Ting) was included infactors that bind to CCAAT or related sequences, as assessed by
EMSA. See Table 1 for the DNA sequences of the various elements. the mixture. FP, free probe; SB, shifted band; SS, ‘‘supershifted’’ band
specifically induced by rabbit antiserum against NF-Y.FP, free probe; SB, specifically shifted band.
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DISCUSSION
Using a series of plasmids containing linker-substitu-
tion mutations in the S promoter of a subgenomic HBV
fragment, we demonstrated that the CCAAT element up-
stream of the start sites is the major positive-acting
cis-element of this promoter. In addition, two Sp1 sites
together further increased S promoter activity by ap-
proximately sixfold. No other activating elements with
significant activity were found. However, our studies
have not addressed the functions of the elements re-
sponsible for correct initiation, which are down-stream
of the NF-Y and Sp1 sites and appear to be very complex
(Lu and Yen, unpublished data).
We have gone on to demonstrate that the major cellu-
lar transcription factor that binds in vitro to the S promoter
CCAAT element is the heterotrimeric protein, NF-Y (also
known as CCAAT-binding factor) (Becker et al., 1991;
Maity et al., 1992; Sinha et al., 1995; van Huijsduijnen et
al., 1990; Vuorio et al., 1990). In addition, experiments
with a dominant negative mutant of NF-Y indicated that
NF-Y also activate via this CCAAT element in cultured
cells. Since NF-Y is ubiquitously expressed, this finding
correlates with the relatively non-cell-type-specific activ-
ity of this promoter (Antonucci and Rutter, 1989). The
question arises as to why two other cellular factors, YB-
1 and CBF, neither bind to nor activate via this CCAAT
element, since its sequence is extremely similar to the
FIG. 6. (A) Effect of a dominant negative mutant of NF-Y, A subunit, on published concensus binding sites for these two factors
surface protein expression from the wild-type pSAgDHin, or a CCAAT
(Table 1). In fact, concensus binding sites for YB-1 andelement mutant (LS3). Each 100-mm plate of HuH-7 cells was cotrans-
CBF compete efficiently for NF-Y binding to the HBVfected with 4 mg of the surface gene plasmid and with either 2 mg of
the mutant NF-YA expression plasmid (D4YA13m29) (Jackson et al., CCAAT element (Fig. 5), and bind NF-Y in HuH-7 extracts
1995; Mantovani et al., 1994) (right half) or 2 mg of pUC18 (left half). when used in EMSA experiments (Lu and Yen, published
The results are expressed as the percentage relative to surface protein data). Since CBF appears to be a heat shock-induced
secretion from cells cotransfected with wild-type pSAgDHin and pUC18
factor that has specialized functions (Lum et al., 1990),and represent the mean { standard deviation of 3 independent trans-
it is not entirely surprising that it is not active in un-fections. (B) Effect of a dominant negative mutant of NF-Y, A subunit,
on surface protein expression from the wild-type pHBV1.2, or a CCAAT shocked cells and does not play a role in S promoter
element mutant (LS3). Each 100-mm plate of HuH-7 cells was cotrans- activity. However, normal hepatocytes (Spitkovsky et al.,
fected with 4 mg of the HBV plasmid and with either 2 mg of the mutant 1992) and HuH-7 cells (Lu and Yen, unpublished data)
NF-YA expression plasmid (right half) or 2 mg of pUC18 (left half). The
are known to express high levels of YB-1 mRNA. Thus,results are expressed as the percentage relative to surface protein
it is at first glance somewhat surprising that YB-1 appar-secretion from cells cotransfected with wild-type pHBV1.2 and pUC18
and represent the mean { standard deviation of 3 independent trans- ently neither binds to the CCAAT element, nor influences
fections. S promoter activity. Interestingly, however, YB-1 has been
shown to bind RNA and single-stranded DNA (Gai et al.,
1992; Hasegawa et al., 1991), and one of its homologs inreplication-competent, greater-than-full-length clone of the
frog oocytes is involved in RNA storage and translationalHBV genome (Blum et al., 1992). As seen in Fig. 6B, the
control (Bouvet and Wolffe, 1994). Furthermore, over-ex-mutant NF-YA protein also drastically down-regulated sur-
pression of YB-1 actually decreases expression fromface gene expression from this plasmid, as measured by
class II major histocompatibility promoters (Ting et al.,surface antigen secretion. As expected, a CCAAT element
1994; Lloberas et al., 1995). Therefore, it is possible thatmutant of pHBV1.2 produced much lower amounts of sur-
YB-1 may not function as a classical double-strandedface antigen, but was no longer down-regulated by the
DNA-binding transcription factor. Finally, it should bedominant negative NF-YA (Fig. 6B). There was no signifi-
noted that similar CCAAT elements within the albumin,cant difference in transfection efficiency between the wild-
grp78, farnesyl diphosphate synthase, and 3-hydroxy-3-type and mutant pHBV1.2 plasmids, since the amount of
methylglutaryl-coenzyme A synthase promoters have allsecreted e antigen (a product of the core gene) was com-
parable (data not shown). been shown to be specifically bound by NF-Y but not by
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on a shared instrument purchased with UCSF Academic Senate Oppor-other CCAAT-binding proteins, including YB-1 (Jackson
tunity funds. This work was funded by NIH Grant R01CA55578.et al., 1995; Roy and Lee, 1995; Tronche et al., 1991).
Thus, our results on the S promoter CCAAT element are
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